Introduction
============

Hypertension is one of the most common medical disorders, affecting one in four adults worldwide, with a lifetime prevalence that may exceed 90%.^[@bib1]^ Hypertension is associated with increased risks of stroke, ischaemic heart disease, heart failure, kidney disease and premature mortality.^[@bib2]^ There are many factors in the aetiology of essential hypertension, but it can vary between ethnicities,^[@bib3]^ countries^[@bib4]^ or even among regions within the same country.^[@bib5]^

The Tujia-Nationality settlement in the southwest Hubei province in China is the most poverty stricken area in the Hubei province; however, utilization of the highway and railway systems during the past 5 years has rapidly improved the economy of the area. Middle-aged people encounter intense pressure regarding any changes in the economy, which is a main factor of many chronic diseases.^[@bib6]^ However, to our knowledge, few studies focus on the changes of chronic diseases in this area, particularly hypertension. This study examined arterial blood pressure and cardiopulmonary fitness of the middle-aged people in the years 2005, 2010 and 2014 to identify the prevalence of hypertension and its distribution, as well as the risk factors within the Tujia-Nationality settlement area.

Materials and methods
=====================

Study population
----------------

This study consisted of three cross-sectional surveys in the years 2005, 2010 and 2014, which was initiated and sponsored by the All-China Sports Federation and the Ministry of Health of the People's Republic of China, and supported and approved by the local government and the University for Nationalities in Enshi, Hubei province. This study was designed to investigate the risk factors of hypertension in the southwest Hubei province of China. A total of 2428 middle-aged 45--59 years old men and women (*n*=633 in 2005, *n*=844 in 2010 and *n*=951 in 2014) who voluntarily provided the informed consent participated in this study. All participants were recruited from the same Tujia settlement area in Hubei province of China.

Methods
-------

The tests were comprised of two parts: a demographics questionnaire and a fitness test. Questionnaires inquired about age, nationality, gender, urban versus rural location, employment classification and highest level of completed education. Fitness testing included measurements for blood pressure, height, weight, vital lung capacity, sidestep test, standing vertical jump, sit-and-reach, grip strength, single leg stance test, reaction time, push-ups (men) and sit-ups (women).

The subjects performed all the tests in a gymnasium between July and August in the years 2005, 2010 and 2014. The study subjects first completed a questionnaire. Then following a 20-min rest, trained physicians measured their blood pressure using a mercury sphygmomanometer. The measurements were made in triplicate within 10-min interval with the subjects in the seated position. Arterial hypertension was determined or diagnosed by the blood pressure measured, that, systolic blood pressure ⩾140 mmHg and/or diastolic ⩾90 mmHg, or current treatment with antihypertensive drugs.

The cardiorespiratory fitness (CRF) was tested using the sidestep test (TDK-2 intelligent apparatus, Ningbo Jingbei Tiandikuan Electronic Product Manufacturer). Man subjects used a 40 cm-high footstep and woman subjects used a 35 cm-high footstep to perform the up-and-down movement. Every subject performed up-and-down movements for about 3 min (90 repetitions) in rhythm to music. After the subject sat down, a finger clip was placed on the subject's middle finger from which pulse rate was displayed on the screen and recorded. Pulse rate readings were taken three separate times after the completion of the sidestep exercise: between 1 min to 1 min 30 s; 2 min to 2 min 30 s; and 3 min 30 s. The sidestep test index was calculated from the duration of up-and-down movements (in seconds) multiplied by 100 divided by the sum of three pulse rate readings. [Table 1](#tbl1){ref-type="table"} shows the classification criteria of the index as CRF according to the Citizen Physical Health Standard established by Ministry of Education of China and the General Administration of Sport of China.^[@bib7]^

Next, we measured the subjects' height, weight, vital lung capacity, standing vertical jump, sit-and-reach, grip strength, single leg stance test, reaction time, push-ups (for men) and sit-ups (for women). All of the testing apparatuses were made by the Shenzheng Hengkang Jiaye Limited Company, China. When the subjects were ready, the testers pressed the button to initiate the beginning of the test.

All physical fitness measurements and scoring criteria were classified according to the Citizen Physical Health Standard established by Ministry of Education of China and the General Administration of Sport of China.^[@bib7]^ Each category we measured had an acceptable value range; if the total of these results fell within this range they were labelled as 'pass,' while those that did not were labelled as 'fail'.^[@bib7]^

Body mass index (BMI) was calculated from weight (in kilograms)/height^2^ (in meter). The BMI was classified into four levels: 18.5 as underweight, 18.5-24.9 as normal weight, 25.0-29.9 as overweight and ⩾30.0 as obese.

Statistical analysis
--------------------

All analyses were performed using the SPSS for Windows software package (version 18; SPSS Inc, Chicago, IL, USA). Descriptive statistics were obtained first; categorical variables were presented as the number of people (%). Collinearity diagnostics were performed prior to further statistical analysis. A binary unconditional logistic regression model was used to analyse the independent effects of each variable. Potential risk factors included testing time, ages, nationality, gender, urban versus rural location, employment classification, education level, BMI, CRF and physical test scores. The dependent factor was 'Whether the subject is hypertensive'. Retained methods used a forward step-by-step approach. All variables significant at *P*\<0.05 were reserved in the final model.

Results
=======

Prevalence and distribution of hypertension
-------------------------------------------

Of the 2428 participants, 568 were classified as hypertensive, giving an overall prevalence of hypertension was 23.4%. The prevalence was lower in 2005 and 2010 at 15.9% and 16.1%, respectively, before doubling to 34.9% by 2014. The prevalence was higher among women (25.9%) than men (20.8%). The prevalence of hypertension was lower in rural residents (17.1%), compared to urban residents (26.7%), see [Table 2](#tbl2){ref-type="table"}. In regards to occupation, the prevalence of hypertension was highest among white-collar workers at 30.8%, and lowest among blue-collar workers in rural areas at 17.0% ([Table 2](#tbl2){ref-type="table"}). By the level of education completed, the prevalence was highest among participants with a middle school education at 28.4%, followed by those with university or higher education at 26.7%, high school at 21.5% and primary school at 19.3% ([Table 2](#tbl2){ref-type="table"}). Hypertension prevalence was associated with BMI. By CRF levels, the prevalence was lowest among participants who had a highest fitness (20.2%), followed by low fitness (22.2%) and high fitness (25.0%); the prevalence was highest among participants with a lowest fitness at 30.4%. The prevalence was higher among people who failed the physical test (28.8%) compared to the ones who passed the test (21.5%).

Risk factors associated with hypertension in binary logistic regression analysis
--------------------------------------------------------------------------------

[Table 3](#tbl3){ref-type="table"} shows the risk factors for hypertension, which were initially analysed with time stratification. Since the risk factors that predicted the hypertensive prevalence were similar in the logistic regression models, the major predictors were merged together in the discussion for simplicity reason. CRF was inversely related to hypertension. Compared the high level of CRF, people with the lowest level of CRF had a 2.483-fold risk for hypertension (95% CI, 1.530--4.031; *P*=0.001), and people with low level of CRF had a 1.493-fold risk for hypertension (95% CI, 1.069--2.087; *P*=0.019), but the highest level of CRF group had no significant difference with the high level of CRF (95% CI, 0.799--1.655; *P*=0.453); the prevalence of hypertension was the highest in the year 2014 and they were 67.0 and 67.9% more likely for having hypertension than the same age people in 2005 and 2010. Tujia-Nationality people had an increased risk for having hypertension with OR: 1.055, 95% CI, 1.039--1.072 (*P*=0.001), compared to Han people; middle-age women had a 30.2% higher risk for hypertension (95% CI, 1.054--1. 607; *P*=0.014) than their man counterparts. By level of education attained, groups with no higher than a middle school education had a 53.5% higher risk for hypertension (95% CI, 1.074--2.194; *P*=0.019) than the ones who attained college education. White-collar workers had a 58.1% and 31.8% higher risk for hypertension than blue-collar workers in rural and urban areas, respectively. Compared with the normal weight group (BMI between 18.5--25.0 kg m^−2^), obese group (BMI ⩾30.0 kg m^−2^) and overweight group (BMI between 25.0 and 29.9 kg m^−2^) had 3.470-fold and 2.124-fold risk for hypertension, respectively.

Discussion
==========

This study indicated that the prevalence of hypertension suddenly increased from 2011 to 2014 in the Tujia settlement in Hubei province of China. For these middle-aged people, the main risk factors for developing hypertension were found to be sex (as woman), Tujia-nationality minority, white-collar workers, the overweight/obese, those with a middle school education and those with the lowest CRF.

We found the prevalence of hypertension suddenly increased from 15.9 to 34.9% between 2010 and 2014 in this area, which was even higher than the 32.4% found within the age-matched group in America between 2011 and 2012.^[@bib8]^ It was a special time for this area in 2010--2014, because the highway and railway had their first routes in 2009 and 2010, leading to rapid development of the local economy. However, healthy lifestyles and health education did not progress at the same pace, which led to the chronic disease increase.^[@bib9]^

The prevalence of hypertension in middle-aged women was higher, which seemed to be related to a menopause.^[@bib10]^ An Italian study^[@bib11]^ showed a higher frequency in postmenopausal women (64.1%) as compared with perimenopausal and premenopausal women, independent of age and BMI. Judith *et al.*^[@bib12]^ found the relationship between hypertension in menopausal versus non-menopausal women (70.3% versus 29.0%). In the present study, we found that women had a 30.2% higher risk for hypertension (95% CI, 1.054--1.607; *P*=0.014) than men, which indicated menopausal women had a higher prevalence of hypertension than men as they entered in the middle age. These findings suggest that sex hormones have a prominent role in preventing hypertension^[@bib13]^ for women.

Since the 1980s, work-related stressors have become recognized as important risk factors for having cardiovascular disease and hypertension.^[@bib14]^ Workers with lower socioeconomic status (variously defined by education, income or occupation) have been found to have higher age-adjusted mean systolic blood pressure (by 2--3 mmHg) or prevalence of hypertension than employees in higher socioeconomic status groups.^[@bib15]^ Other studies found somewhat different results. Landsbergis *et al.*^[@bib14]^ found workers in blue-collar and sales/office jobs had 2--4 mmHg higher systolic blood pressure than workers in management and professional jobs. Our data were consistent with the study of Landsberqis *et al.*,^[@bib14]^ which suggested that white-collar workers had a 58.1% and 31.8% higher risk for hypertension than blue-collar workers in rural and urban areas, respectively. These data indicate a greater work-related stress in white-collar workers.^[@bib16]^

Associations between educational status and the development of hypertension have been examined in several studies published over the past decade. The US National Bureau of Economic Research stated that each additional 4 years of education lowered all-cause mortality by almost 1.8% and reduced the risk of heart disease by 2.2%.^[@bib17]^ The present study found that the relationship between education and hypertension was a Bell-shaped pattern ([Table 3](#tbl3){ref-type="table"}), showing people who attained a middle school education had a 53.5% higher risk for having hypertension (95% CI, 1.074--2.194; *P*=0.019) than those who attained college education. People who did not surpass primary school generally took part in more physically active jobs, which might cause them to have a lower incidence of coronary heart disease than among those whose jobs required little or no physical activity. On the other hand, the residents who received higher-level educational status such as college and graduate school tended to have more opportunity to access health knowledge and health care, which could lead to low incidences of hypertension.

The worldwide pandemic of overweight and obesity is associated with increased prevalence of hypertension and other cardiovascular diseases. It has been shown that adipose tissue can elevate circulating aldosterone.^[@bib18],\ [@bib19]^ Over activation of the sympathetic nervous system is a common feature of obesity, which is widely recognized as a major contributor to the development of hypertension.^[@bib20]^ Our study confirmed the previous studies^[@bib1],\ [@bib21],\ [@bib22]^ and indicated that obesity and overweight people had elevated the risk by 3.470-fold and 2.124-fold, respectively, for having hypertension compared to the individuals with normal weight in the area.

CRF provides protective influence against cardiovascular diseases and significantly attenuates the rise in blood pressure over the life span. Thus, the examination of serial changes in CRF as it relates to incidental hypertension is of considerable interest.^[@bib23]^ Aerobic exercises may prevent increases in blood pressure through beneficial alterations in insulin sensitivity and autonomic nervous system function.^[@bib24]^ Several previous studies have reported the associations between changes in CRF over time and the risk of developing future hypertension.^[@bib20],\ [@bib23],\ [@bib25]^ Lee *et al.*^[@bib25]^ found that men with lower estimated CRF between initial and follow-up examinations had a higher risk of developing hypertension than men who maintained or improved CRF during the 6-year interim between assessments. Jae *et al.*^[@bib23]^ found the prevalence of hypertension in lower CRF people was 4.33-folder than the highest CRF people. Recently, Xu *et al.*^[@bib20]^ reported that 1-year aerobic exercise training significantly increased peak oxygen uptake and decreased both systolic and diastolic blood pressure in a group of elderly adults. Our results were consistent with these previous studies and further found there was no difference on the risk of hypertension between high levels of CRF. The hypertension prevalence was higher among people who failed the physical test at 28.8% than among the ones who passed the test at 21.5%. However, it was not included as the risk factor in the logistic model, suggesting that the cardiorespiratory function or aerobic capacity was a more important predictor than the physical fitness in preventing hypertension.

Many studies found the prevalence of hypertension was dissimilar among countries and ethnicities.^[@bib26],\ [@bib27]^ In the present study, all of the subjects with different nationalities lived in the same location for many years, though this area is the settlement of Tujia people. Our data suggested that Tujia minority had an increased risk for having hypertension with OR: 1.055 (95% CI, 1.039--1.072, *P*=0.001) compared to Han people. Future study is needed to determine whether the predisposition to developing hypertension in Tujia minority is influenced by genetic and/or epigenetic factors.^[@bib28]^

In the present study, we were unable to find a correlation between hypertension and some other factors that have often been associated with hypertension, such as an urban-rural setting^[@bib29]^ and age.^[@bib30]^ This indicates that there might be other risk factors for developing hypertension existed in this area.

The main limitation of the present study was that we randomly selected the volunteer subjects who responded to the advertisement, which could not avoid the self-selection bias.

Conclusion
==========

The prevalence of hypertension in the middle-aged individuals was higher during 2011--2014 in the Tujia settlement of the southwest Hubei province in China. The main risk factors for developing hypertension included sex (as women), Tujia-nationality minority, white-collar workers, the overweight/obese, those with a middle school education, and those with the lowest CRF.
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###### Classification criteria of cardiorespiratory fitness (CRF)

  *Age (Year)*   *Lowest*   *Low*       *High*         *Highest*                                             
  -------------- ---------- ------- --------------- --------------- --------------- --------------- -------- --------
  45--49         ⩽45.6      ⩽46.3    \>45.6, ⩽61.5   \>46.3, ⩽60.3   \>61.5, ⩽71.3   \>60.4, ⩽70.2  \>71.3   \>70.2
  50--54         ⩽43.8      ⩽45.8    \>43.8, ⩽61.5   \>45.8, ⩽59.9   \>61.5, ⩽71.3   \>59.9, ⩽69.7  \>71.3   \>69.7
  55--59         ⩽39.8      ⩽44.7    \>39.8, ⩽60.3   \>44.7, ⩽59.9   \>60.3, ⩽70.2   \>59.9, ⩽69.7  \>70.2   \>69.7

###### Distribution of hypertension by population characteristics (un-adjusted)

  *Variable/Category*             *Normotension (%)*   *Hypertension (%)*   *Total*
  ------------------------------- -------------------- -------------------- ---------
  *Test time (year)*                                                        
   2005                           531 (83.9)           102 (16.1)           633
   2010                           710 (84.1)           134 (15.9)           844
   2014                           619 (65.1)           332 (34.9)           951
                                                                             
  *Ages (years)*                                                            
   45-49                          643 (76.0)           203 (24.0)           846
   50-54                          627 (76.9)           188 (23.1)           815
   55-59                          590 (76.9)           177 (23.1)           767
                                                                             
  *Nationality*                                                             
   Han                            1277 (80.3)          313 (19.7)           1590
   Tujia                          582 (69.5)           255 (30.5)           837
                                                                             
  *Sex*                                                                     
   Males                          949 (79.2)           249 (20.8)           1198
   Females                        911 (74.1)           319 (25.9)           1230
                                                                             
  *Urban*-*rural*                                                           
   Rural                          689 (82.9)           142 (17.1)           831
   Urban                          1171 (73.3)          426 (26.7)           1597
                                                                             
  *Employment classification*                                               
   Blue-collar workers in rural   689 (83.0)           141 (17.0)           830
   Blue-collar workers in urban   615 (77.4)           180 (22.6)           795
   White-collar workers           556 (69.2)           247 (30.8)           803
                                                                             
  *Education*                                                               
   Primary school                 570 (80.7)           136 (19.3)           706
   Middle school                  464 (71.6)           184 (28.4)           648
   High school                    582 (78.5)           159 (21.5)           741
   College                        244 (73.3)           89 (26.7)            333
                                                                             
  *BMI*                                                                     
   Underweight                    68 (91.9)            6 (8.1)              74
   Normal weight                  1287 (82.2)          278 (17.8)           1565
   Overweight                     461 (65.3)           245 (34.7)           706
   Obesity                        44 (53.0)            39 (47.0)            83
                                                                             
  *CRF*                                                                     
   Highest                        237 (79.8)           60 (20.2)            279
   High                           417 (75.0)           139 (25.0)           556
   Low                            1063 (77.8)          303 (22.2)           1366
   Lowest                         110 (69.6)           48 (30.4)            158
                                                                             
  *Physical test*                                                           
   Pass                           1408 (78.5)          385 (21.5)           1793
   Fail                           452 (71.2)           183 (28.8)           635

Abbreviations: BMI, body mass index, CRF, cardiorespiratory fitness.

###### Risk factors associated with hypertension in binary logistic regression analysis

  *Risk factors*                  B        *s.e.*   P-*value*   *OR*    *95% CI for OR*   
  ------------------------------- -------- -------- ----------- ------- ----------------- -------
  *Test time*                                                                             
   2014                                                                                    
   2005                           −1.107   0.139    0.001       0.330   0.252             0.434
   2010                           −1.136   0.128    0.001       0.321   0.250             0.412
                                                                                           
  Nationality                     0.054    0.008    0.001       1.055   1.039             1.072
  *Sex*                           0.264    0.107    0.014       1.302   1.054             1.607
                                                                                           
  *Education*                                                                             
   College                                                                                 
   Primary school                 0.108    0.194    0.577       1.114   0.762             1.628
   Middle school                  0.428    0.182    0.019       1.535   1.074             2.194
   High school                    −0.121   0.171    0.480       0.886   .634              1.239
                                                                                           
  *Employment classification*                                                             
   White-collar workers                                                                    
   Blue-collar workers in rural   −0.870   0.148    0.001       0.419   0.314             0.559
   Blue-collar workers in urban   −0.382   0.131    0.004       0.682   0.528             0.882
                                                                                           
  *BMI (kg m*^*−2*^)                                                                      
   Normal weight                                                                           
   Underweight                    −0.782   0.482    0.105       0.457   0.178             1.177
   Overweight                     0.753    0.111    0.001       2.124   1.710             2.639
   Obesity                        1.244    0.251    0.001       3.470   2.123             5.673
                                                                                           
  *CRF*                                                                                   
   High                                                                                    
   Highest                        0.140    0.186    0.453       1.150   0.799             1.655
   Low                            0.401    0.171    0.019       1.493   1.069             2.087
   Lowest                         0.910    0.247    0.001       2.483   1.530             4.031
  Constant                        −1.675   0.274    0.001       0.187                      

Abbreviations: BMI, body mass index, CRF, cardiorespiratory fitness.
